Sorption Isotherms a b s t r a c t Synthesized chitosan benzoyl thiourea derivative has been used effectively for the adsorption of Nd(III) and Pr(III) rare earth elements from aqueous solutions. The adsorbitivity of these elements has been studied with applying different parameters such as contact time variation, ion concentration, variation of pH and equilibrium concentration. 
Introduction
Both the native chitin and chitosan biopolymers present as interlayer of b-glycosidic bonded structures, consequently chitin contains around 10% of free amino groups and it will yield chitosan when submitted to an alkaline chemical reaction (Rhazi et al. 2002) . Several chemical modifications could be achieved as a result of the activity of the free amino groups distributed on the chitosan polymeric chain (Abdou, Nagy, & Elsabee, 2008; Kurita, Mori, Nixhiyama, & Harata, 2002) . Toxicity of chitin and chitosan are very low so they are used effectively in many biomedical applications (Wang, Kao, & Hsieh, 2003) . Chitosan is used successfully for the removal of different cations from aqueous solutions supported by the presence of free amino groups in its structure (Chen, Xu, Zeng, & Yi, 2013) . Chitosan has been used in many works as adsorbent for different ions (Blazquez, Vicente, Gallo, Ortiz, & Irabien, 1987; Muzzarelli & Rocchetti, 1974; Onsoyen & Skaugrad, 1990; Sakaguchi, Horikoshi, & Nakajima, 1981) . Also chitosan derivatives have been used with high adsorption capacity for the removal of different ions (Chu, 2002; Evans, Davids, MacRae, & Amirbahman, 2002; Guibal, 2004; Juang & Shao, 2002; Kumar, Muzzarelli, Muzzarelli, Sashiwa, & Domb, 2004; Wu, Tseng, & Juang, 2000) . Adsorption behavior and determination of different metal ions such as Zn(II), V(II), Cu(II), Co(II) and Hg(II) onto chitosan and its derivatives have been studied (Babel & Kurniawan, 2003; Cardenas, Orlando, & Edelio, 2001; Minamisawa, Iwanamia, Arai, & Okutani, 1999; Minamisawa, Jigiri, Arai, & Okutani, 1996; Muzzarelli & Rocchetti, 1974; Wu et al. 2000) . Induced radiation for grafting chitosan has recently been used for the adsorption of Cr(VI) from aqueous solutions and its application for the Cr(VI) removal from wastewater (Ramnani & Sabharwal, 2006) . Also adsorption of some heavy metals such as nickel, cadmium, lead, arsenic by chitosan have been investigated (Benavente, Ar evalo, & Martínez, 2006; Igwe, Ogunewe, & Abia, 2005; Minamisawa, Minamisawa, Yoshida, & Takai, 2004; Rojas et al. 2005; Su, Wang, & Tan, 2003; Wan et al. 2006 ). Wherease chitosan derivatives have been used for adsorption of platinum, palladium and gold (Fujiwara, Ramesh, Maki, Hasegawa, & Ueda, 2006) . Adsorption of some 60 Co and 153þ154 Eu radionuclides from aqueous solutions using chitosan derivatives has been investigated (Metwally, 2006) .
In the present study sorption behavior of Pr (III) and Nd (III) as representatives of the rare earth elements onto chitosan derivatives under different conditions is presented. The selection of Pr (III) and Nd (III) was due to their nuclear importance as neutron absorbent control rules element and their difficult separation methods. Chitosan with thiocyanate moiety has been chosen in anticipation for a higher adsorption power (Galhoum, 2014) . A systematic study has been made on the influence of doped rare-earth metal ions (Pr 3þ and Nd 3þ ) on the molecular interaction present in thin films fabricated from chitosan-acetic acid solutions (chitosan/HAc). FT-IR spectroscopy (including NIR, MIR and FIR) coupled with X-ray photoelectron spectroscopy (XPS) indicate a weak complexation between the metal ions and amine groups of chitosan. Specifically, the FIR spectra show broad bands near 550, 480 and 250 cm À1 for the doped films suggestive of metal ion-ligand vibrations. XPS indicates multiple chemical states of N with an increased percentage of higher binding energy state nitrogen caused by a weak interaction with the doped metal ions. Slight differences in micro roughness between the doped and undoped films as observed by X-ray reflectometry may also be related to the doping. The NIR and MIR spectra do not show any significant changes for all the doped and undoped films, implying that the basic molecular conformation of chitosan is not changed by the weak complexation (Jiang et al.1997) In addition, the physical parameters: the studied system has also been determined; namely the corresponding adsorption isotherm as well as the kinetic characteristics of the study adsorption system of both REEs. For the former Freundlich, Langmuir, Lagergren and MorriseWebber isotherms are applied for the obtained resultant adsorption data.
Experimental

Materials
Preparation of chitosan benzoyl thiourea derivatives CTU
The thio derivatives used in this work have been prepared according to Eweis, Elkholy, & Elsabee, 2006 , and illustrated in Scheme 1 (Metwally, 2006) , where the required benzoyl thiocyanate was first prepared from the reaction of benzoyl chloride with ammonium thiocyanate, then was reacted with chitosan to form chitosan benzoyl thiourea derivative CTU. Different chitosan derivatives assigned as 1B, 2B, 3B, 4B and 5B with various benzoyl isothiocyanate: chitosan ratios 0.5, 1, 2, 3 and 5 respectively have been prepared. As the polymer 3B has been tested as the highest capacity than the other ones so it is chosen to be used in the present study. The chosen polymer 3B, has been sieved to a particle size diameter <370 nm then exposed to all experiments.
Preparation of Pr (III) and Nd (III) working solutions
For both rare earth elements, their chloride salts were used for preparation of the working tow solutions. Thus 0.117 gm, 0.11664 gm of PrCl3 and NdCl3 was weighted respectively and each of which is dissolved in 100 ml distilled water, reflected a concentration of 10 À3 M for each.
Characterization of the prepared CTU
The prepared CTU derivatives have actually been subjected different analytical techniques in a manner to determine their characteristics. For this purpose, their elemental composition was first conducted in the Micro analytical unit in Cairo University. On the other hand, the FTIR spectra of prepared derivatives which represents in Fig. 1 were determined using FTIR spectrometer Bruker Vector 22 Germany in the range of 400e4000 cm À1 . In this regard, it has to be mentioned that, all the prepared CTU derivatives are insoluble and it was not therefore feasible to measure their 1HNMR spectra. In addition, X-ray diffraction measurements which represents in Fig. 2 were also carried out for the prepared derivatives using the Scintag/USA XGEN-4000 at 45 kV and 40 mA using Nifiltered Cu K_ radiation. A measure of the crystallinity was obtained by comparing the area of the crystallinity peaks (sharp peak) to the whole area.
Adsorption procedure
Batch technique has been used in all experiments to study different parameters effect on adsorption process for the prepared derivatives for Pr and Nd. Thus, a sample weight of 0.05 g (m) of the CTU was added to a volume of 10 ml (V) of Pr (III) or Nd (III) aqueous solutions and equilibrated by mechanical shaking at 300 rpm at room temperature. The ratio of V/m, 100 was kept constant for all the experiments. The solutions were separated after a certain time and the concentration of each ion was determined spectrophotometry. The adsorption coefficient and the uptake percent of the study REEs between the aqueous phase and the prepared ion exchanger were determined using the following equations:
where, D is the adsorption coefficient. C i is the initial concentration for the corresponding element before contacting the ion exchanger. C f is the concentration after the contact with the ion exchanger.
2.4.
Control analysis
To follow and control analysis the adsorption efficiency of Pr (III) and Nd (III) upon the working resin, JASCO Spectrometer, model V-530 has been used for Pr (III) and Nd (III) analysis via arsenazo III dye The Spectrometer analyses were conducted at wavelength of 650 nm.
Kinetic and sorption isotherms
The kinetic behavior of Pr 3þ and Nd 3þ ions on CTU was followed up by application of batch technique. NaCl, 0.02M as electrolyte background solution was applied for studying Sorption isotherms for Nd 3þ and Pr 3þ with 10
concentration. The amount of ions adsorbed onto chitosan, q t (mg/g), was calculated by the following relationship (Metwally, 2006; Ravindran, Steven, Badriyha, & Pirbazari, 1999 & Schmuhl, Krieg, & Keizer, 2001 ):
where, C o and C t are the initial and final concentrations at certain time t of the ions in the liquid-phase (mg/L) respectively. V, is the volume of the solution (L) and W is the weight of CTU used (g).
Results and discussion
3.1. Characteristics of the prepared CTU J o u r n a l o f R a d i a t i o n R e s e a r c h a n d A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 0 7 e2 1 6
OeH groups) 2923 (CeH, -CH 2 ), 1629(C]O amide), 1381(CeH bend in plane), 1029(CeO, CeC, CH 2 rock). X-ray diffraction analysis was conducted to find out the effect of the chemical modification upon the percent crystallinity of the original chitosan. Thus, it was ascertained that two sharp peaks were found for sample 1B (lowest substitution %) at around 9 and 21 at 2q values. In the meantime the percent crystallinity was found to be: 1B-43.93 while 3B ¼ 35.65 and 5B ¼ 33.73 indicating lowering of the crystallinity with increasing the extent of the substitution reaction. The elemental analysis of the five benzoyl thiourea derivatives of chitosan in conducted with an erratic increase in the N and S contents reflects the increased in percent of substitution upon the chitosan with increasing the isothiocyanate: chitosan ratio as expected as shown in Table 1 .
Adsorption characteristics of the prepared CTU
The adsorption characterization of the prepared CTU of different isothiocyanate: chitosan ratio has been studied by the adsorption of Pr(III) and Nd(III) of 10 À3 M solutions up on 0.05 gm CTU as in Fig. 3 and 4 indicated gradual increase in uptake percent from 1B to 3B then decreased to 5B with high uptake percent at 3B of 69.6, 69.33% respectively with adsorption coefficient of 452.11, 456.7 respectively as seen in Table 2 which may be interrupted to the fact that increasing of the isothiocyanate concentration at 4B and 5B derivatives causing a depression effect in the physical characteristic of the chitosan changing the adsorption characterizations. The uptake percent of Pr(III), Nd(III) and their corresponding distribution coefficient values determined for the different derivatives are listed in Table 2 . The recorded uptake percent using CTU sample has the maximum value, 69.5460%, and 69.33% for Pr(III) and Nd(III) adsorption respectively from aqueous solution of trace ion concentration at pH ¼ 3.
Adsorption of Pr(III) and Nd(III) onto the various CTU at different ion concentration in the range of 10 À5 to 10 À3 M was determined and listed in Table 3 and Table 4 . It is observed that the uptake % of Pr(III) and Nd(III) is higher in low ion concentration using 3B than using the other B derivative. The same finding was observed at higher ion concentration.
Optimization of the sorption factors of the CTU derivative (3B)
From the obtained adsorption characterization results, it is clear to study the effect of different factors such as concentration, pH, contact times and the adsorption kinetic studies 
up on 3B CTU derivative as it indicated the proper uptake percent and high stability for acid content. 
Effect of pH
Effect of pH on the adsorption of Nd(III) and Pr(III) onto CTU (3B) was studied and presented in Fig. 7 and the data was listed in Table 5 . Chitosan derivative (CTU) has been known to start to swell in solution of lower pH. Therefore, Chitosan derivative (CTU) did not act as an adsorbent in lower pH region (pH 1e2) (Minamisawa, Jigiri, Arai & Okutani, 1996) . Uptake % of Pr(III) and Nd(III) reaches its maximum values of 69.33% and 69.546% at pH ¼ 3 respectively at 10 À5 M ion concentration.
Complex formation
The mechanism of complex formation and structure of the formed complex in this case i.e. using CTU is still unclear and J o u r n a l o f R a d i a t i o n R e s e a r c h a n d A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 0 7 e2 1 6 may require additional analytical tools which could be available in the near future. However a possible mechanism for chelation may be given as Scheme 2 at higher thiocyanate concentration steric hindrance of the bulky benzoyl thiocyanate group may reduce the accessibility of the cation for absorption.
Kinetic studies
Adsorption studies for the investigated ions onto CTU (3B) from aqueous chloride solution indicated that the amount sorbed of Nd (III) and Pr (III) ions reaches 16.1824 mg/g and 15.7944 mg/g after 1 h of contact time respectively at 10 À3 M ion concentration. The data are presented in Fig. 8 where, it is clear that 1 h are sufficient of contact time for the equilibration of Pr (III) and Nd (III) respectively. The equilibrium adsorption of Pr (III) and Nd (III) on CTU (3B) as a function of the equilibrium concentration of the studied ions are shown in Fig. 8 . It could be observed that the isotherms obtained are regular, positive, and concave towards the concentration axis. The initial rapid sorption indicated a slow approach to equilibrium with higher metal ion concentrations.
As listed in Table 6 there was a gradual increase in the sorption of both ions until an equilibrium was attained. An equilibrium concentration of Pr (III) and Nd (III) iones was reached at about 2.2 Â 10 À6 M and 2.8 Â 10 À6 M respectively at which the saturation capacity of adsorption for both ions is achieved as seen from Fig. 8 .
Equilibrium isotherms
The obtained equilibrium concerning the distribution of the studied REEs ions between the prepared CTU solideliquid interfaces at equilibrium have been treated with the two isotherm modeling Freundlich and Langmuir isotherms. Fig. 8 Amount adsorbed of Pr (III) and Nd (III) as a function of equilibrium ion concentration.
3.6.1. Freundlich isotherm could be written as (Ravindran et al. 1999) Log q e ¼ log K F þ 1=n log C e (4) where q e is the amount of the solute sorbed per unit weight of the sorbent (mg/g), C e is the equilibrium concentration of the solute in the bulk solution (mg/L), K F is a constant point toward to the relative sorption capacity of the sorbent (mg/g) and 1/n is a constant related to the intensity of the sorption processes. Freundlich isotherm plots of both the studied ions are presented in Fig. 9 . The straight lines obtained indicate that sorption of Pr(III) and Nd(III) fit with the Freundlich isotherm. Slope of the Freundlich plots equals to 0.9364 and 0.9767 for Pr(III) and Nd(III) ions respectively. The slope values (<1) indicates that the sorption of these ions onto the CTU biopolymer is a concentration-dependent process. Also K F value equals to 40.88 and 54.95 for Pr(III) and Nd(III) ions respectively. The data obtained from the Freundlich isotherm suggest that the sorption processes could not be restricted for a specific class of sites and assume surface heterogeneity. Table 7 illustrates the Freundlich parameters calculated for the sorption of Pr(III) and Nd(III) and the correlation coefficient values (R 2 ) for these ions. 
where, q e is the amount of the ion sorbed per unit weight of sorbent (mg/g), C e is the equilibrium concentration of the solute in the bulk solution (mg/L), Q o is the monolayer adsorption capacity (mg/g) and b is a constant related to the free energy of adsorption (b a e eDG/RT ). The obtained data are presented in Fig. 10 , and the corresponding Langmuir parameters for the adsorption of the studied ions are listed in Table 7 . The monolayer adsorption capacity Q o for the sorption of Pr(III) 97.1 was higher than that for Nd(III) 20.9 ions. Since the overall rate constant k a equals to the product of Langmuir parameters (b Â Q o ) (Justi, F avere, Laranjeira, Neves, & Peralta, 2005) . From the obtained date it is found that the overall rate constant k a for Nd(III) is higher than that for Pr(III).
Sorption isotherm models
The rate of sorption and solute transport are very important to study the kinetic of the adsorption process for the studied ions onto the sorbent. So, two appropriate kinetic models, Lagergren and MorriseWebber, have been conducted to the resulted data to evaluat the kinetic process. The first model used, is the first order Lagergren kinetic isotherm which could be written as (Justi et al. 2005) :
where, q e (mg/g) is the concentration of the ion sorbed at equilibrium, q t (mg/g) is the concentration of the ion sorbed at time t, and k is the rate constant. Straight lines represented in Figs. 11 & 12 indicate that the sorption of Pr(III) and Nd(III) ions had followed the Lagergren equation at different ion concentrations. As listed in Table 8 , there is no big variation for the overall rate constant values with the change of ion concentration (see Table 9 ). The kinetics of sorption of Pr(III) and Nd(III) on CTU (3B) was also evaluated by the MorriseWeber isotherm model (Huh, Song, & Jeon, 2000) :
where q t is the concentration of the sorbed ion (mg/g) at time t, and k d is the rate constant for the intra-particle transport (mg/ g.min 1/2 ). MorriseWeber relationship is represented in Figs. 13& 14. The straight lines indicate that the sorption of Pr(III) and Nd(III) ions fit Morris eWeber model at the studied ion concentrations.
Conclusion
Chitosan derivative CTU has been used successfully for the adsorption and removal of Pr(III) and Nd(III) from aqueous solutions at different ion concentration. Freundlish and Langmuir isotherms fit the adsorption data of chitosan for Pr(III) and Nd(III) ions. The maximum adsorption capacity for Pr(III) and Nd(III) ions were 97.1 (mg/g) and 20.9 (mg/g) respectively. Lagergren and MorriseWebber isotherm models have been tested successfully. The resulted data followed Lagergren isotherm, whereas MorriseWebber isotherm model fit for a certain limit. The change in the adsorbed ion concentration has a low effect on the isotherm parameters values. 
